The last 5 years of trial data demonstrate the ineffectiveness of hormone replacement therapy (HRT). The impact of these trials on age-specific HRT use, HRT discontinuation, and regional HRT variation has not been evaluated extensively.
T ranslating research into practice has become a major focus of national efforts aimed at improving the quality of care. 1, 2 Hormone replacement therapy (HRT) provides an ideal opportunity to explore the speed of the integration of new knowledge into clinical practice. Before 1998, a large body of prospective observational evidence favored the use of HRT in postmenopausal women. [3] [4] [5] [6] [7] However, a series of randomized clinical trials (RCTs) failed to support this position. [8] [9] [10] Two of these studies, the Heart and Estrogen/progestin Replacement Study (HERS) and the Women's Estrogen for Stroke Trial (WEST), showed that combined estrogen/medroxyprogesterone acetate or combined hormone replacement therapy (cHRT) and unopposed estradiol or estrogen replacement therapy (ERT), respectively, were not effective for the secondary prevention of cerebrovascular events in postmenopausal women. 8, 9 In 2002, an interim analysis of the National Institute of Health's Women's Health Initiative (WHI) revealed an increased risk of breast cancer, coronary heart disease, stroke, and venous thromboembolism in women randomized to cHRT, leading to an early termination of that aspect of the trial. 10, 11 More recently, researchers halted the ERT arm of the WHI after concluding that estrogen alone increases the risk of stroke in postmenopausal women. 12 Previous work from Canada demonstrated an increase in HRT prescriptions after HERS, with a decline in existing prescriptions following the WHI in older women. 13 Studies from the United States confirm an increase in overall prescriptions following HERS, with a decline in overall HRT use after the WHI. 14, 15 These studies together demonstrate the WHI's general effect on prescription filling. However, there are several important issues that remain unclear. The previous studies did not evaluate the impact of these trials among women of different age groups, i.e., women who may be taking HRT for different reasons. We also do not know how the trial affected the discontinuation of HRT among current users. The trial may have discouraged the initiation of treatment but we do not know how it affected those already taking the medication. Finally, we do not know whether the trial affected practice similarly across the country or whether there were important regional differences. The objective of this study, therefore, was to characterize the temporal trends in age-specific prescription-filling behavior, discontinuation of prescriptions for HRT therapies, and regional HRT in the periods around the release of 3 recent trials.
METHODS

Data Source
We used a database from Medco Health Solutions Inc. (Franklin Lakes, NJ), a pharmacy benefits management (PBM) company serving approximately 60 million members. The Medco Health Solutions Inc. database allows for the examination of prescription-filling behavior of a large number of patients in community medical practice, is updated frequently with a o2-week lag time, and has the ability to distinguish between prescriptions filled for the beneficiary member or a member's dependent. All prescriptions filled by beneficiaries from both retail and mail-order pharmacies are part of the database. Given that we analyzed aggregate trends in medication use and did not have access to personal health information, Institutional Review Board approval was not obtained.
HRT
For this longitudinal analysis, we analyzed HRT prescription filling among postmenopausal women, defined as women 55 years, from May 1998 through May 2003. The age of 55 years was chosen to maximize the probability of capturing only postmenopausal women, as the mean age of menopause in Western countries is 50 to 51 years. 16 We examined both unopposed estrogen and any estrogen/progestin combination. We used a claims-based search strategy, which identified a woman as using combination HRT if she filled a prescription for both estrogen and progesterone in the same month. We included all medications in the same specific therapeutic class and products with the relevant ingredient combinations. We excluded women using transdermal formulations, selective estrogen receptor modulators, other bone resorption inhibitors, and vaginal estrogen preparations because these medications were rarely prescribed and not evaluated in the clinical trials.
HRT Use
HRT Prescriptions. For these repeated cross-sectional analyses, HRT prescriptions were defined as the proportion of women who were eligible for Medco benefits who had filled a prescription for HRT in a given month.
HRT Discontinuation. This was a longitudinal cohort analysis of HRT discontinuation, measured among women previously taking HRT. It was defined as an absence of HRT prescription refills for greater than a consecutive 3-month period. We identified a cohort of women 55 years who had filled at least 1 HRT prescription during a 3-month interval before each prespecified time period, and were continuously eligible for Medco benefits for 365 days after those 3 months. We analyzed the calendar years 2001 and 2002 to understand the impact of the WHI.
Statistical Analyses
Descriptive statistics are reported as percentages and proportions. To test for an impact of the publications on prescription filling, we compared the proportion of women filling prescriptions 3 months prior to the month of each publication to the proportion of women 3 months after these publications. Chisquare tests were used to test associations between the proportions of women using/discontinuing hormone therapy before and after study publication; the resulting P values were 2 sided. We also performed time-series analyses by comparing actual and predicted claims immediately following the WHI publication (July 17, 2002) . To establish a trend line for predictive purposes we used weekly data from the time period 5 months to 2 weeks prior to publication of the WHI (February 15, 2002 to July 1, 2002). We examined models of linear trend, linear trend with first-level autocorrelation, and quadratic trend. The regression line was extrapolated from prediction of weekly claims-post event. Two-sided 95% confidence intervals (CIs) were calculated for trend line predictions. Observed data points falling outside these 95% CIs were considered statistically significant. All analyses were performed with SAS statistical software (SAS Institute Inc., Cary, NC), and the time series was conducted using the SAS time series forecasting system. 17 To test for differences in HRT utilization by age, we compared baseline HRT prescription filling as well as the change in mean prescriptions after the WHI publication across age groups (55 to 64 years old; 65 to 74 years old; 75 years old). The change in mean HRT prescriptions was determined by taking the difference between the average proportion of women filling HRT for the period prior to the WHI (May 1998 to June 2002) and subtracting the average prescription filling proportion for the period post-WHI (July 2002 to May 2003) for each age group. Chi-square test was used for all proportions; the resulting P-values were 2 sided.
We also used w 2 to test for differences in HRT discontinuation, during each 365-day period of interest. Subgroup analysis was performed to explore age variations in HRT discontinuation within and across each calendar year.
To test for regional differences in HRT use, an extremal quotient (EQ), the ratio of the highest to lowest proportions was calculated as a measure of variability. 18 We compared baseline HRT utilization as well as the change in HRT utilization pre-and post-WHI in all regions. The change in HRT use was determined by taking the difference between the average prescriptions for the period prior to the WHI (May 1998 to June 2002) and subtracting the average prescriptions for the period post-WHI (July 2002 to May 2003). An indirect age adjustment was then performed by multiplying the age-specific rates of HRT use by the number of women in each age group in each region. We then summed this age-adjusted number of women in each age group in the same region and divided by the total number of women in that region to arrive at an expected rate of HRT use for each region. Population estimates of women in each region were derived from the U.S. Census data for 2000. We then compared this expected rate to the observed rate derived from the Medco regional data. Chi-square test was used for all proportions; the resulting P values were 2-sided.
RESULTS
HRT Prescriptions
There were approximately 337,375 women 55 years who were eligible and had any prescription filled for Medco benefits in any given month from May 1998 to May 2003 (Fig. 1) . Hormone replacement therapy prescriptions remained relatively constant from May 1998 to May 2002, with approximately 13% of eligible women filling prescriptions for HRT. Approximately 8% of eligible women filled a prescription for an unopposed estrogen product, and 5% filled prescriptions for combination therapy. Hormone replacement therapy prescriptions steadily declined from June 2002 through May 2003, with approximately 8% of eligible women taking some type of HRT (6% taking ERT and 2% taking cHRT) by the end of the study period. The proportion of women filling HRT prescriptions 3 months before the release of HERS and WEST was not statistically different from the proportion after the release of the publications (13.16 vs 13.21, P =.47, HERS; 13.04 vs 13.09, P =.56, WEST). However, a clear decline was observed in HRT prescriptions after the release of WHI (12.53 vs 9.37, P .0001). Similar trends were observed for both ERT and cHRT.
Figures 2 and 3 compare predicted and observed cHRT and ERT claims as a proportion of all HRT claims for each of the 10 weeks following the WHI publication. Although prescriptions for cHRT were beginning to decline several weeks prior to the WHI, claims drop beneath the 95% CI in the first week following the WHI. Similarly, ERT showed a decline beginning 6 weeks prior to the WHI, but observed claims fall below the 95% CI immediately after its publication. Although the observed ERT claims do approach the predicted range 1 month after the WHI, they again dip below the expected values 5 weeks post-WHI, demonstrating a statistically significant decline.
When stratified by age, we found that a higher proportion of women 55 to 64 years used HRT (18%) than women 65 to 74 years (15%) and women 75 years (8%; P value for all pairwise comparisons between age groups .0001) from May 1998 to June 2002. The overall pattern of HRT use decreased from 18% to 11% in the 55-to 64-year-olds, from 15% to 9% in the 65-to 74-year-olds, and from 8% to 5% in the women 75 years from the pre-WHI period (May 1998 to June 2002) compared with the post-WHI period (July 2002 to May 2003). This represents a relative decrease of approximately 37% to 38% in all 3 age groups (Po.0001 for all pre-post comparisons within each age group). After the WHI, a statistically significant difference (Po.0001) in mean prescription proportions was observed for all pairwise comparisons across age groups. 2002, significant differences were observed for each same age pairing at Po.0001, as seen in Table 1 .
Discontinuation of HRT
Regional Variation
When stratified by region, we found that the West South Central had the highest proportions of HRT use (19%) from May 1998 to June 2002, with the mid-Atlantic having the lowest (6%; P .0001), as seen in Figure 4 . The ratio of prescription proportions for all regions when compared with the mid-Atlantic ranged from a low of 1.4 to an EQ of 3.2 pre-WHI. The EQ of 43 represents a 43-fold variation between the highest and lowest regions. 19 The overall pattern of HRT use decreased from 19% to 13% in the West South Central region and from 6% to 4% in the mid-Atlantic following publication of the WHI results, with declines in other regions also ranging from 2% to 8%. This represents a 34% and 37% relative decrease in the West South Central and mid-Atlantic regions, respectively, with a range of relative decrease of 25% to 42% in the other regions. In the period following the release of the WHI, the ratio of prescription proportions ranged from 1.1 to an EQ of 3.3, with the mid-Atlantic again having the lowest proportion of HRT prescriptions. A statistically significant difference in HRT use persisted between the West South Central (13%) and the mid-Atlantic (4%; P .0001), with the West South Central continuing to exhibit the highest proportions of HRT use. These results did not change after indirect age adjustment. 
DISCUSSION
The WHI demonstrates one of the most remarkable success stories in rapidly translating the findings of a clinical trial into practice. Despite the release of 2 large randomized, controlled secondary prevention trials since 1998, it was not until the publication of the WHI investigation that a decline in HRT use was noted at the population level. Using a large database that documents actual prescription-filling behavior, we found a statistically significant decline in HRT utilization within each age group after the WHI was disseminated. We also found that the WHI was associated with a greater proportion of discontinuation among HRT users. This suggests that the decline in overall prescription use in the U.S. population can be explained by both decreased ''incident'' use as well as decreased ''prevalent'' use. We can only speculate about the third of women who continued HRT despite the WHI trial. One explanation is that they may have been using HRT for treatment of menopausal symptoms rather than as primary or secondary prevention of cardiovascular disease or osteoporosis. This hypothesis is strengthened by the fact that among women who had been using HRT, more 55-to 64-year-olds continued therapy than the older age groups in our analysis. Our discontinuation proportion of any HRT in 2002 (either ERT or cHRT) of 65% is consistent with Roumie et al., 20 who found a 70% overall discontinuation of cHRT among female veterans after the use of patient and physician interventions to alert them to the results of the WHI. Based on actual prescription-filling behavior of a nationwide sample of an average of 337,375 insured women per month, our findings are consistent with those of Hersh et al. but differ slightly, with earlier work based on self-reported HRT among women in a mammography registry in San Francisco.
14,15 These investigators found a modest decline in HRT use post-HERS as well as a larger decline in HRT post-WHI, while we found no change in HRT prescription proportions after HERS. The rapid decline in any HRT use after the WHI trial can be explained by many reasons, including the fact that this study was the third in a series of RCTs investigating the role of HRT. The initial publications of HERS and WEST may have built anticipation for a definitive trial of primary prevention. In addition, the release of HERS II, also in July 2002, may have influenced the temporal decrease in HRT prescriptions. 21 Heart and Estrogen/progestin Replacement Study II demonstrated that cardiovascular benefits found in the final years of HERS did not persist after 6.8 years of follow-up and recommended that HRT not be used for the secondary prevention of coronary heart disease. Because the WHI was a primary prevention study, however, the results applied to a larger number of women than the previous secondary prevention trials. The decision to stop the trial early in May 2002 along with the express publication of the WHI results and a press release from the National Heart, Lung, and Blood Institute 1 week prior to the study's publication, as well as the WHI's demonstration of increased risk of cardiovascular disease, rather than the absence of HRT benefit shown in HERS II, may have also heightened the urgency with which its results were interpreted.
Given that 50 million American women are 50 years old, it is not surprising that the long-awaited results of the WHI received a cascade of media attention. 22 Despite this attention, however, we found that statistically significant regional differences of HRT use persisted both before and after its release. This demonstrates that local practice style and physician habit powerfully influence clinical behavior despite widely publicized and ''convincing'' evidence. Although we cannot determine the indication for HRT use in each region, this finding is consistent with previous work demonstrating that regional variations in medication use persist despite adjustments for comorbidity and age. 23 Proposed explanations of geographic variation in the use of other health care services have included uncertainty about indications for certain procedures or medications. 24 Physician uncertainty as to whether or not HRT was appropriate for their patients seems an unlikely explanation for our observations of HRT prescription filling given the same trend of decline across all regions evaluated. Furthermore, publication of the U.S. Preventive Services Task Force (USPTF) recommendations advising against the use of combined HRT for primary prevention of chronic disease in November 2002 should have clarified the role of HRT for providers. 25 The ''enthusiasm hypothesis'' is another explanation that has been proposed to explain regional variation in health care services. 26 This theory suggests that providers who are ''enthusiasts'' for particular services may be driving local patterns of use. In the case of HRT, patient as well as provider ''enthusiasm'' or concern regarding HRT side effects may also have contributed to the regional variation we observed. Although a credible explanation for the geographic variation was found, this particular theory was beyond the scope of our study to examine. Our observation does, however, contribute to the growing body of literature that the quality of care delivered in some geographic regions may be clinically suboptimal and demonstrates the variable penetration of new knowledge. 27 Marked regional variations in HRT use provide information about where to target educational campaigns about the risks and benefits of HRT. Despite the conclusion of the WHI that only combined estrogen/progestin therapy conferred increased risk to patients, we observed the same pattern for unopposed estrogen therapy prior to the WHI's decision to stop the ERT arm in March 2004. This is consistent with the findings of Haas and Hersh that unopposed estrogen use declined in similar fashion to cHRT after the WHI release. The speed with which the WHI results were translated into action may have been fueled by an overestimation of the perceived risk of heart disease as documented by Sullivan, who notes that among a largely menopausal cohort of women, 31% believed their risk of heart disease increased by 10% to 30% per year of use, when the WHI data suggest the risk increased by o0.1% per year of use. Together, the speed and overestimation of risk may account for its indiscriminate application, as evidenced by the decline of ERT as well as cHRT prior to the published findings of the ERT arm in April 2004. [28] [29] [30] This work has several important caveats. We were able to study only prescription-filling behavior, not actual adherence to a medication regimen. Also, our data do not allow us to determine whether prescription patterns were motivated by patients or health care providers or whether HRT was prescribed for primary or secondary prevention of cardiovascular/ cerebrovascular disease. It should also be noted that the analysis for HRT prescription filling measures refill activity and not necessarily ''drug on hand.'' Therefore, it is possible that women would be credited for filling a prescription only in the month that they literally refilled or initiated the drug, rather than each month they had active drug available. However, given the 5-year duration of our data, this is unlikely to explain the decrease in prescription-filling behavior around the release of the WHI. Lastly, our cross-sectional analysis does involve women moving in and out of eligibility for Medco benefits. Bias could be introduced if the departing women were much more likely to be using HRT than the incoming women. However, the stable HRT prescription filling rates during the 4 years before the WHI suggest that the subsequently observed changes were more likely due to the WHI publication than this potential systematic bias.
Our study shows that the results of large clinical trials can translate quickly into behavior change; however, the application of this knowledge to patients remains highly variable and influenced by local practice patterns and standards of care. To ensure that studies appropriately influence practice, the dissemination and application of these publications should be a parallel effort to the investigation itself. Mechanisms to assess the impact of trials must be instituted if we are to improve the translation of research into practice in a serious and scientific manner. 
